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(54) NOVEL ELECTRON TRANSPORT MATERIAL AND ORGANIC LUMINESCENCE DEVICE 
USING THE MATERIAL 

(57) Abstract: ' 



PURPOSE: A novel electron transport material and ^ ArOiOl (2) 

an organic electroluminescence device using the '^r2 
material are provided, to improve the luminance /=\ 
efficiency and the lifetime of the device and to ^X^.-^k' ^ 
reduce the operation voltage. CONSTITUTION: The p^-'^J^^^^ rvVV^^' 
electron transport material is represented by the (3) ^y^^^r^ u) 
formula 1, 2, 3, 4 or 5, wherein Rl and R2 are w ^ 

independently H, an aliphatic hydrocarbon group of ^Y^) 
C1-C20, benzene, naphthalene, biphenyl, ^^w^^aA 
anthracene, aromatic polycycllc ring or a group f-ij^^'^^^"^''^ (5) 
derived from an aromatic ring, and both Rl and R2 ^ 

cannot be H; Ar is benzene, naphthalene, biphenyl, anthracene, aromatic polycyclic ring or a group 
derived from an aromatic ring; R3 is H, an alkyl group or aliphatic hydrocarbon group of C1-C6, a 
substituted benzene, naphthalene, biphenyl, anthracene, aromatic polycycllc ring or an aromatic ring; 
X is NR4, S or 0; and R4 Is H, an alkyl group or aliphatic hydrocarbon group of C1-C7, benzene, 
naphthalene, biphenyl, anthracene, aromatic polycycllc ring or a group derived from an aromatic ring. 
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■£1 

-fi-71 -LVEBl-gi. «l|EflS.3!--8-7l, ■fr^lSFt^f' 



I t-S^ -B-71 ^"84 Sl*^ 378 ^ ^.^^Sl ^ elf. o]^^ 

•^71 di^H -5!ol4. 

00 V o]^^o_s. fejl ^-fl! l-^o] ,»i^7i nns-ofl RGB(re<l. green, blue)2) -y-^^^ Sj^V # S5lS^7)- ??}-SVcf. 
t>«, •8-7] oi^t> ^71 §^ 4i;cH J2.211 ^-^-E) ^^^ji ;S£7> ;5!<8sl«»l a^)DV 

^^5)^1^ ^ 3. 5a4. ■fr7) ^^7} S£^ ^7]# e^H^ofl 

^4 f-S).^ ^<y^ ^7.}S\-^^o] (^7]7}% e^7l;^f£:^El ^^S^ 3^^^ ^c] «V^5)^ ^ 

a^^s] tCTang) °11 3^■s^o^ -fi-7) ttt^ 2 f'O.a 7)^ «-e|g£l a}t 

*7j ^7] «eV:t ±471- ;*11<LVS) jl, 10 V 7i\ ^lJ-ofl£ t^Sj-i 1000 Cd/lrf Ol^o^S] t^?|£7V ^^^1^ 

5Jol ^ol5)5J4(Tang, C. W.; VanSlyke. S. A. App/. Phys. Lett . 1987, 51 . 913.). ^l^i, -^7) ^7l§^ ±7\7\ 

^7] ^s,^^7] ^asl ¥«at^ 7]^^i\n$\ aif> -8-71 ^71^^^ 4l7^o^l <g^7v %^^«^ 

Til ^^SlulSJi:^-. 

^dSi^<Jl ^71 ^71 £ loflAi iLo^^^ ^o] 7)^(1), oV^(2), ^a^^ °ot=o.^^El ^oft 

■o (5) SJo) ^:g:^(6)om. o|^f.(4)oil ^-^oj <j,;^^ ^^.1- £^«f<H t^f^# ^£ 5J 

-^"l, i^^f* 4-§-t ^-foll^ °d«ja} >.4^(4)4 t^f>(5), 5? ^^f'(6)Sl «ti: «^4£l Jl*4 

«l%7fl -8-71 ^7lil-% ±4t e^Hi- oj^s-^ 0.7) o.a>o) o| ^^j^ ov^g^* 0,^^^.^ ^ 

7l-i-^2] 'g^Bi. ^;^foj o].s.^£7)- 3.n ^\<>\7\ u|o^ a|l^ ^^f-^ ^^^-k a|.^«|-^ 

m'i. ^ siui ^^f'oflAi ^8^4 ^;^^2i -§£7} oi^£^ ^^jL-i-# 

=S-?^ ^"JA)?]^ ^OJ ^;g^ ^)^^ -fi-^lsl^ A^ ^^ Oj.^>a«>l ^^l-t A)-§.*l-^cfl 

cfla^?! ojS^ 2E^A^o^)A•^ <a^Sl<H d)^-^*) ;«1|4,356,429JL»1| 7|)a)^ SB)?l7i| ^e) a^^tM-tl H 

S^S.Alo)-\d (copper phthalocyanine, o]«^ CuPcef ^)oI <}X^, ^•^^^f^o.S CuPc7> 71-^ ^=9«l-7] nfl-g-oil ^e) 
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■^7||^«1 ^2003-0067773 

2-§-£|o1 ^^<S'^<^^^ T&4^7V ^j-g^?) n^^^a #Sa1(fuii coiooai cl^telloli- 7i|3^t nll"!)^ f-;47l- S 

^*T^^#-§- -6-7) ^^^^ 0]^ ^3713} tV^-yo] ^<H\i- o).^o).c|7il7]. cflS?^ l-^ojcf <:.> 

lo>"J?ll laj tV^-^^-i- ^0)71 ^lall iSlS Ht^- ^^^^t^o) JijlSlSi4{n) 

>||5.554.4593:^ ^5,840,21731). 

^71 -i-^S^ N.N'-i:l5«^.N,N--Hl±(3-tHllJ^^)-1,r-cl5liy-4.4'-c1o>^(ol^.TPD5l- ^) 

i^oh°j(oi J NPDe^ ^)7ii<g £^ ^ d '^^^^7l7^ ^>-§-#2 sic^. oisjon aH]^:(covion)4 

oj^ >;BlS(spiro) ^^•■t^.^-R-?}- *flo>Di;fl^^^_ a£tef4<i^i SHI'S* '»)-l«>l-"j7il 

^16,013,3831:), '^16,150,0431:011 7^]^ o}^}'<\^S.^t[:s^^tt^«^^ SEj-AM^i 

*l-al t>^^7lis§j^ji ;^2000-480063:«HI 7llAl:@ al:S{rlsl|^ul^S|lx^)o}.BBj.^, TDK«11>H ^]^^^ ^ 

6,249,085S:oi| 7l|Al^ -aBl^TM^^^^AMH^'tl-, 'a^^7fl^Sl-^iL ;*ll 2001 -1722841:, 5«il 2001-1 722801: i 
7flA)^ ^e^^;4|ov^o>ni5^^vo ^4,^4^ ^-3-t>^2S(fused)€ f-51 "3^^^%-^ #^#ol Ji2il5i 

■t-r^^-m^ 7il^'H7l^V2l ^>«il*>7l ^ISflA^ ol^^S^-go) ;s;^^<y^4 ^^f^ A>o|o| ^.|. 

7W^ ^61 «fl-f f'A«1-T:l-. H 71^^ "^t^ofl/i *1-S-5|<H ji^ m% a}^«l ;«l|«Hsf^ :^^ol :iA«|.4 

^47f «s^^* «i:ff^* 4f7l iS^^t 7l^3jol ^^ojAi 3711 l:>:E(h0St) 7lI>iH(g 

uest)-§- -i-^^. i-l"T<H^4. "aSl-^AS. S.±S.-%- Sit 7l|±:S-8- -t^ 'ci-^^.S. ^ 'H^-^ ^ ?lE7f ^ 

^ ?f f5f 1^ -a^Bll^J (self-packing) ifl^-ofl ^4 H-frSl o>,d «iI4H(excimer) ^^^o] ^ 
Jifl7l aj^ofl vi^^^tyx] s^cf. 4E).Ai :£:iEoi] TllihHl- ±^ £^(doping)*M ^]^tt Ji^t ^ Si 

5^ ^^f'-^S^8-«lH^A]fl^f1 *s^^°lw<S(8-hydroxyquinoline aluminum salt. Alq32f ^)°1 7} 
?^io7^f It'^f ^^-"^ ^^'l fm#el€-(quinacrldone)S) -S-Sa!), ffpffKcoumarine) -f S) 

.^Jl"^^ ^'^^ "^^^^ ^^"^^-^ 1-^*^ ^^t> S^l-^dight blue)ol7l nj^ofl 

? -f ^^^i^l^H ■^^^^*l-«i, ^--!i£l ^-f «^^l:i:t ^«^171 ^1811 iflll (perylene)^-* £^*^o^ a> 
f S?- 1^1°^ ^"^^^ ^^^^ "^^'^ ^==lS(spiro)^ »e^f-"lfr* a^t^ ^71-^ 

mj. «>l"|i^t7lt 7}^ o]^JLti m^. ^5H(fused)S nh^*^ ^tl- ^-'='1 Si^-H], o)^^ nl^f^sl ;^15.516, 
577:£, :^5,366,8111:, >1| 5.840,21 71:, ;^5.150.006l: i3 5«ll5,645,948l.«>ll 7jAl:^oj(cf. 

"^^%S\ »JlH=g(band gap)ol '^^ ^^Sl cj-^Sj ^jQ- ^^oj AlqS-Hl 

±^ 4-§-«l-al Si^M- ±^1-S1 °V^AJ4 ^o. ^Jg-^ojo) ^71)^ o.^ ;«1l7lSlal ^4. Cf«. "J^-a ^.^^ 

^Ji^oltl-. n f'oflAl «a-^-yo| ?l^E7l- 3 A|q37l- 7f=iV -f ^tV ^ 0.5^ iiS]5ti 0.14 »v 

^±;^H 4-§-f- ^-f ^^l^l^ cl^.^(exciton diffusion)"!! nH^o]] in^£7> 1<H ^1^ ^^^^l Sl^l- 5 

t ^1"" -f =^^^.-8- -a-A(Sanyo)AHlAi tef^(Flavon) -fi-£i*il SEfe *l±(Chisso)4Sl 

Tim-l-^ « ^el^AltSSIlE^cl^ -fi-S^ f.0] te|;^ 5ai:K«a^^7ll^*j^JiL ;*lll998-017860l., -y^-??!!^*!? 
& ^1999-0870671:). 

"1^ '^7>^i:flSi-£l f.^ in^s^ Hfirli^ cflSVo) ael±E 5,-^ ?!S)-£7h 3J1 :5}4>.4..^^o| Jf-^^V 
PBD(full name), TAZ(full name)>-l- TPBI(full name)2l- ^^g: S.±S.^^<^ siNBlel'tl °]2l-&2). ^.g- ^f7| <il:tl- 
jlfi-^Sl ^SicKC. Adachi, M. A. Baldo, and S. R. Forrest, App/ied Physics Letter . 77. 

904, 2000., C. AdachI, M. A. Baldo, S. R. Forrest, S. Lamansky, M. E. Thompsom, and R. C. Kwong, Applied 
Physics Letter . 78. 1622, 2001). ojem ^A^SA^ '^^^l-'S^^ ^1 (singlet-singlet transition)"!! 

21 th ^TilEi-i- 5lol (triplet-singlet transition)^. <^1^, -g- ^'•^oilAi 7j)A)£|^ Afls..g. :g 

^Ff"a ^ ^^-8- 1-^"!1 ^-f l^a ^^l:-i-4 ^ 'r'S* -8-71 ^7it^ ^jo] 7]-^^ 

^c^7HA■^ zj-zj-o) f^oj cfltv a| ;g t> -8-71 t^^t^ -t^l-l- oi.§.tV .8-71 ^^^-Sol g-Jl. Ji€^^^^^- ?J • 
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^7^^^ ^2003-0067773 

5 2^i^rl3 2S Yi^^^'^ ^^^^ -^^1 ^^1^^ ^^^^'^i ^ -^^^ ^-2-^. -^-s-^ Av^%v 

^•a 51 ^^f-* o|t o)^^ 41-71 §^ ±:>i^ ^^1^^ O.S ^4. 

3±s. sAisit ^§1:, «^7i 4£ sAisi^ ^ ^a^<i3 a^i^^^ s^^^* ^^m-. 




2] 




Ar -X 



[S^S^A' 3] 
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-^7ll#*l ^2003-0067773 




[S^^i) 5] 




^7] fl-aj-i) 1, 2, 3. 4; 5i 5S) iJoflAl, , 

3^, -LvsE^-a. '^^^^it ^^is^Ei 7ioiji. -s-aiod r i . ^ r 2 7> ^^m'a 

Ar€- 'S^, vl-=^?!. <?>se}-^, £^ -S-^^^^i^- "^^^^ =^1^±S.^n -fi-E^ 7loH, 

^.Li J^^^K ^^^1 ^^1 6S1 *^^7i JE^ ^IL^^. hH^^, sfc 

^o^^l R ^4:€4. «±=r 1 vfl;^l 7 S] *i^7l £^ U^, M-^^-iS, HWsil^, <?VH5l-ai JE^ 

^p] m.^ AS. a^lSl^ ^-g-l-, 5 ^0^7] 5S a^lsl^ Sj-t^-^S ^S-S.^^ i^o]'^ m 

-8-71^^1.^ ^-fr*!-^ -fr7l^^vi-f^^ i^e>^ -8-7) it/^l-l- ;^^t!:cf. 

I" ^-S^ ^Tfl i^>oi ^71 B^H^ ^;^| ^:^(4^7i organic electroluminescence) ^7l^t>l-#<Hj 
SilEilS ar-8-7171- H<a€ -tlifSl 1-^ S o) f.^^ ■fr7l^^l:f'«1 ^^3|.^^7l 4,4^ ^^«^^ ^Plnl.. 
l-'SS) -ai^S] f-^go) ^ SI^ -ff7l^:^i;^ho) ^201) cfl«^<H -g-glVcf. 

S.^^^ t^a\ -^7] ^7]»i^ ±7^c^ ^ ^^sj ^ ofli- ^efvi)^ je^^sl i€- 71*. 2^ 

7m(i)^ -fl-71 ^7)«J:^ 4i;^l-S) xj^sDoH, ^e]§ ^floisj. Aj<g ^^g^^, ^is ^oi 

^j-71 71^(1) ^ofl^ o^^^2)o] ^m^:o]m "0*^(2)^ a ^^ii ^^^°^^(3)±s. ^s^^ ^»jsh 
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ssji; 7,^t-.?*ti!^^'^^'^' »«^^->i^>°j^iiti. «r:5^^^^^^^ 

1J€ ?!7f7V ;.Hl^s^«H tt^ f-oju^, o^y^y^^o] ^ o. c,]^<H V^i^. -r-< T 

nm/?/t^?-Vi^5^ ^"-^^ "^"^ A'^37K ^-So] Balq(8-hydroxyquinoline beryllium salt), 

DPVBi(4.4 -bis(2,2-diphenylethenyi)-1,r-biphenyl) A]^. ±^S.(Sp\ro) ^slS-DPVBi(Splro-4,4'-bis( 
y?^iyS^^^®"iSt UPBO(2-(2-ben20xazoyl)-phenol lithium salt), 

. . ' -b'phenyl)-4.4'-diyldl-2.1-ethenediyl]bis(9-ethyl)-9H-carbazole; DSA(dist 

^^^^"^ ^ ^'-^^ - 4^011 DCJTB([2-(1.1-dlmethylethyl)-6 

-lZ-(2,3,6.7-tetrahydro-1,1,7,7-tetramethyl-1H.5H-benzo(y)quinoli2in-9-yl)ethenyl^ 

I}IS)|1>||^^|'^'^'^'®"''^'^^'''''^ ""^^^^ #S^(poly fluorene) allW^T 
iLISJ^'^J^t^ *^*(^J^*^11^^^^257-5r781±)%^.TH4^^^^ 

.62S), ^ifs ^ae^ci-a -8-£^(<a^^7H^«i^ii ^2-2896753:). v]± -ffssoca^^?!!^*!*"!! ^1 

ill°®if '-.I'-f ^'l^.l'^f^ ^2-2224843:). ■fri£S«('a^?7l|^«l?Ji ^2-189890^, ^ °i^^7^^ 

21:^ ^S.^ ^7) o^^(2) ofl A>^^ 0)^8^^ 50), 7f^«fnj. 3:#ajo] :jl4^<a# m^^^ 

-rOl-B", <Q^v\^ ^Sl 2 f- 4-8-1 ^ Sicf. 

0£ ^^v^ ^ 

[S^^4! la] 
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[^^i! 3a] 




>8^7l^'^^ la, % i^n-i^ 3a2l <i}^Ai, ■ 

Ar , . At 2 , ^ Ar 3 fe- zfz^ ^^^£.5. £^ f-Ajofl, iffl^gi. «M3fl^f-S) '8-^»=^ ^^4=4it H-EfMluL, 

t:f. aelM- <^lel^ l-^l-o] ?!;^V^^^ -§-^5. iLILSl7l oj^ofl s.sl-e^-(Motorola)45] -6-^^7113.*] ;<i)0700 
917 A2J:i -t^^Sj ^^^*(|4httl-«l ttf- S.t ^^^#3) -8-7l ^7]«^^ ±^}s. aj-g-^ 

^o) ojo) iLjlEloicl.. u]^^^ 5.766,7793:, 5J 5«1|5,645,9481:«(| '^M^^. EloV# ^-^F^^ll- 7>^! 
l2 fist' l^llt*,^ t^f-^^S ^>-§-€ -^71 ^7]t% ±m ^^S.^n^zt ^l5,766,779J:o11 A] 

m vfl-§-»«^ olBit} 4-§-7ll-ol t> 2 711 8 7ll^»W S^SlSt^o^, «>11- ol^Sll ^71 ?!7lt^ 

4;;?l-5] ^zy^^^o^ 2)*S|Xi4. atb ;^5,645,9481:°]1^ ^6||S4*7ll-o] $;^M»)1 3 7ll v|;»j 

1996'd£'>fl SEJ-AH'H ''l^^*! 45,645,9483:oll 7llAlja TPBI(^'^iJ 6)^ o]^]ty^7]§: 7}^ ^S.^9l 



m<M6] 




Et> 'a^#7ll^*l^i ^11-345686J:<H1 7llA)^a l-^*^ *)-7l S^«}-a| 7 vfl^^l 1011^1 ^ t Sl^^l 4 

(4^^4! 7] 
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^y^^^ ^2003-0067773 



trBu 

mn-i^ 8] 




Bu 




Me 




trBU 
[^^i^ 10] 



t-Bu 



mm 




K) ^oflAl A^xg-^ ^^o^ .g^7| c^Bl -^SjoDS 7l|A]S)^;^l°.K ^VEB^.^0] ^A>^o) ^^j))^ 0)0] 1960<d 

tfl Siil-^-El Al3{-s)^4. 1965\i'^l^HB)*l(Helfrich)S)- £=(Pope)fe- ^VebJ-^^o; t^:^;^^ o)^^ ^^7] :^7]»^^ 

.JSiq:(W. Helfnch. W. G. Schneider. Phys. Rev. Lett. 14 . 229, 1965. M. Pope, H. Kallmann. J. Giachino. J. C 
fiem. Rjys ., 42 .2540. ^965). 

<H^5-§-7i^ £<a«^i.^7> m-f f^^. ^^^y ^ e^c|?i)oi ^.^ia^ ^v^?!. cvEei-^ -fr^^sflt^ -8-71 

4 -a^l^fl f-o9>«1 ci ^=-oi ^2 ^7>^og 53 ^^s. -a-§-^ t «>i|fe ^ glcf. . 

°le1^ ^;«fl^-t ^4«^7l ^ ^'•'g^t'S- °J-Se)-^2) 2,6.9,10s) ^l-g-t «LV^o|l 'a^^7H^*l-gjiL 

5§1 1-3456863;^ 1,5. 1.8 £^ 2,6S| ^ 7flSl ol-8-«Ful 9,10 ^1*1^ ^jt^^'l-.asl- 

^ ^ ^ t'S^Vl-ol t>-^^ -^^7] S^'^Vi) 1 vflx) 5S SA]E]^ il--&f-2) ^S^o] -^-11^^^ cf^4 ^4 oVe 

e)-S!^ 10 7))°) x)^^V4i7f 5i^cil ^ fS^f-'S- l^HefAflSl 2,6.9,10£| 4 7HS) ^i]«-=5!-±l- 7.}^^n] ^«-Al?l^A-j 
S^t^-i* ^^°W^t-ll ^^t}'^Jl 7i^c,] 7HV e ^=SolE|- §4= ^, <L^£2^-i2) 9,10 Sll 

^, uf = ^, Hfolj^^ Zl-z^ £^ f-AHl 2,6 ^)*H^ ol°lnf#, ^1 El oft 

711- Sfc- -g-AloU A)€«|-7ll4. if|l^ -f-Sl "S-^^ ^Sl-^±t ^l«-t>^^l ^ Elo|.f:7ll- 



^4) 4-1 ^^4! 4-5. ^^^<i) 5-1 vfl;»i S-'ss) ^^f-folcf, 



7>?! -t^l-^ SM ^^4) 1-1 ifl^l 1-16, ^^AJ 2-1 ^4 2-5. 2^3,^4) 3-1 vl|;^| 3.9, 
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^71)^*1 -^2003-0067773 

. [^t^ 1-91 1-10] 
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2-2] 
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[Sf«}-4j 2-5] 
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^7ll^«l ^2003-0067773 

[3^t^<i) 3-7] [^S^<iJ 3-8] 




[^^ij 4-3] [^S^ij 4-4], 
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^2003-0067773 




[^S,V4! 5.4] 




[^^*} 5^5] 




V^3f^ ^' ^' ^' ^ ^^'^^ t^^J'&'a^ ol» ol-g-tV -H-71 :a7l«^V^ 4,;,^- olSfSl -^Ajoil 5^ 

[^^4) a] m^'^ b] c] 
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(^^^ as. aAjsj^ -t^l-^al 

SS'j'iU'^ffJ'?^'® 9' 100 mmol)* 48 ^£S] ^o]bS.^ ^S.^}o]^ ^^^^ ^aVa)^ 20 

2 i^, 5j^> ? ,^-§-»-S(63 B.£)ofl af,^^B;(CuBr, 29.5 g; 206 mmol)^ ^oj -8-^* ±^Si <^^^(50 m 

^l-^o!^S^A)aS)^tl-(10g, ^l-27%)-i-^Slc)-. « r-i -g-. 

1H NMR (300 MHz, CDCI 3 ). 8.44 (d. 7= 2.1 Hz, 2H), 8.18 (d, 7= 8.0 Hz, 2H), 7.95 (dd, 7= 2.1, 8.0 Hz, 2H.) 



S^^iL^Ltf ""^ ^'-^^ "1=11^(8.83 nrf, 51.2 mmol)* THF(200 in«)ofl ^o]ji .yg vj^^v ^ 

€ W a£)J-t#(7.50 g; 20.5 mmol)* •S-*J«&£o|1a1 7^584. ^^^7]^ ^ ^^^<^^] 15 

l^?xfo'??F'^-,^t t"^"* '^"^^ »11^m(200 2 N ■g>L>-g-^(200 m£)S) *t^-§-uH m^] 7>*H^ul 
2:«^«»^^^tb£aAls]^^^^(^1.8g,^#85%)t^5I:^ ' ' I />°1-raR. I^^e J*?i 

t2 If^tiTlXi f^J' f*^ ^^1^- S^t#(4.00 g; 5.93 mmol), ^#.aiLH(9.85 g; 59.3 mmol)4 4 
J i^v^ ul 'r '>°1-^1°1^(10.44 g, 119 mrnoOS] ^^^.^1- iLSi-cl^^^sa^(600 mi)^ o}4baus 

ic^4»S) ^svi) c£ ^^#(3.3 g. ^-t 99%)^^m. t- . o ^ r-i 

?^?L.»'*'® '' ^' ^^^^'^^ ^-32 (d, y= 7.6 Hz, 4H), 7.46 (t, 7= 8.0 Hz, 4H), 7.33 (t, y = 7 4 

m i^^'rM : ^^l:*^' = 2 2^^)- 6-47 (d, J = 2.1 Hz. 2H), 6.22 (d, J - 8.6 Hz. 2 

H) MS (M+) 636; Anal. Calcd for C 33 H 22 Br 2 : C, 71.50; H, 3.47; Br. 25.03. Found: C, 71.90; H, 3.40; Br 

, 25.7. . 
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65 r i-^l <»W£MS1(250 in£)ofl af-^^2l(CuBr 2 , 18.0 g, 80.0mmol)4 Ej-Hs^-f-l i4«»1Sb^o)h(i2 mi. 
101 mmop-i- -^-LH^lJl iZ^Vt ^, (^7M 2-'^H2t^>E 2^^)^(15.0 g, 67.2 mrnoOt 5 ^^i^ 2^7l-«|- 
Scf. 7]*I| t^ol l>-§-§-?!}l- -^^o^ tiJ^-§-e!l* 20 f^t% ^'i^^-g-^iidOOO m«)i 7>*} 

5 ^wH". 

207.5 C; 1H NMR (500 MHz, CDCI3) 8.43 (d, 7= 1.8 Hz. 1H), 8.30 (m, 2H), 8.17 (d, J= 8.3 Hz. 1H), 7. 
91 (dd. y= 1.8, 8.3 Hz, 1H). 7.82 (m, 2H); MS (M+) 286; Anal. Calcd for C ,4 H 7 Br02: C. 58.57; H, 2.46; B 
r. 27.83; 0. 11.14. Found: C. 58.88; H, 2.39; Br, 27.80; 0. 10.93. 

^^^•9171 SHI^i EflSej-s^olHs ^§(100 m«)^ 2-«S.£Ul3^'d (9.0 nA. 52 mmol)* -78 t^il^i 

m^-^^^^(Ao m£. 1.7 M m-^^) ^ m*] 7}^^^. ^-a-g-s^n^i tb ^tv ^, ^^7] ^s-ii 4 

'"I flf f *^t(5.0g, 17 mmol)* 7Kf^cf. *|z^-8-7lt ^^1* ^ ^^^oH^i 3 A)?V^^V 

135^4. ?iS ^ eS SA] S) ^t#(9.50 g, 92 %)t ^534. 

J±«^7l ShoflAi ^71 5«flAi ^«}-Ai es. SAls]^ S^t'-l-{6.0 g, 10.1 mmol)!- 300 mi'^ 

f.^A]?l .f:, §f.5.i=(16.7 g, 101 mmol), 4H# 3fo)a a^^^lS H ell (17.7 g, 201 mmol)^ 7>3fjL 

f£ JEA) Si ^ ^tl-(5.0 g. ^-i- 88 %)^ ^ Si4. 

^3:ofl.7 

(^a^-^ gS. SAjS)^ #1-#^S) 

''WH'tf .lOO meoil ^>7l ^^ila:-!! 5<HlAi ^l^jg S^*?-^! eS. JL^ls)^ 2^-tl-(9.5 g, 16 mmol)^ «-1!-a1 t-) Jl, <^7]o\] 

5 m-i-^ 7>«H 3 A)^v ^oj. ^^tii-s^. "^^-^^s. ^^mi 3.4% ^^^z. 4^B-i>o 
5. 4^ f-4 ofl^-i-^ ms. -«asa4. ^isiv 4^ ^s^^^ ^ls s^s}-*) gs sajsi^ ^^t(8 

.0 g. 89 %)# ^ 514. 

^±^^7) rVoflAi 150 mes) THF^II >^7l ^J^o,) yo^A^ ;^)^^ s^sv^ iAls)^ 3^^^1-(10 g, 17.9 mm 

ol)* ^^1 ^, -78 TC<^lAl EH2l-^le]#(31.5 m£. 1.7 M ^ft-§- «!{)■§• 7}-«>^4. .g-<y .g-SoflAi 

Al^a ■f-"^ ^ He]Til|^ja^o]E(8 mi ,71.5 mmoD-i- 7l-«>Sg4. ^^zf .§-711- ;^l7l5U "J* ^^§1^^ 3 

^9} ^J-'S-^Ai bV.§. ^^v^oll 2 N "g-iV^^^dOO 7}t}jL 1.5 a)^V Jg-oJ Aj-^oflAl jil"JSFS4 ^ 

f-^.2»j>t> 4^ ?!2:*>«>^ «>u}oj SAjSl^ ^^•i-(7.;6 g, ^-i- 81 %)!• -^Si^. 
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^IS2t*>ol =^ ^^(100 me)ofl 2-«££4St^ dig, 53.12 mmol)t ^o^i, .yg t 
Sll -iL-L^^.^ro^ *^.^^^^^ 3^§t(6.36g, 22 mmol)* 7f8^S4. 4i2^-§-7lt ^7it> ^ >5^^e,A^ 3 a] 
i 1^1^,-^,^.^*^^ ^^«^5a4. ^-H^ ^t^^oll -HmiEfls ±^os. ^91 ^ -ii-H-iuflat 7V«)-<H 

^4:^^71 «^<HIA1 i:145^cl»^t(ll.2g, 20.5 mmol)t 200 meofl ^-LVa)?] ^. ?^#5.iLH(34 g, 210 m 

. ff -'^^'^ i^4<»lS Sl-o]Hi!^lo| H(37 g, mmol)# 7^ ^ 3 Aj^F g^l^Al a^VdfJgcf 
r.^,!K?J^.°^'^*^^ ""^^^ S^l^^ ^t#(7.2 g, 

(S}•«^4I 2-3 SAisi^ ;«8a) 

I'pf s^l'ltl?'"'^^'']-® 3' 1,3-=S^cl.t(16.31 me, 225 rnrnol)* tf-^ 500 meofl ^"Jl ^. 

i^:f ■]l^"^-^*",''jt ^* ^7l«l-^Ai ol^:^o> ^^Aljgr^. s>-§-#ofl ojBlle 100 „rf^ 7}«|| ^tl # 1 
^ '^^^J- •f'-^l ■S-'fl* ^^W^^-^^ HS^Vsaefljiis. •S■e^«^Jl ^ajoll 

SfiSll^oMlt^ S^al^^ ^5^4(45 g. 85 %). ^ ' ^ 

4-.a.S£3^^o).^^(5.0o g, 20.6 mmol)ol| ^^^^ THF 100 in£t 'gJl ^"Jl J?- -78 tS. Sl-§--g-£t ^4 

0^71011 ElA|E|.Ji«.^5;fl.(i.7 M jffl^*«!>. 24.2 sA. 41.1 mmol)t ^ 1 a]^V ^ov iiL^>^^4 

S2^oH^jieSo]H(7 TCojA] ^^s) -oj^ ^3, 3 ^^^^^ 

M^.l!vt'''.d^? ^^'1 ^^1^^ ^^#(0.4 g. 1.42 mn.ol)4 4-i°jSll^JiL£MAj(1.1 g, 5.29 mmol 
H 2 N -r-§-^ 10 miS^ 30 ni£S| -g-^Sofl Jil«^^«^^A^ pd(PPh 3 ) ^ (0.16 g, 0.14 mmol)# ^ 

^ ^ ? f J- ^fl?"^- ^ pfawfl^^Avos ^i2Ai?] ^ A2e^^^;g f-^ Wa) 

1^A)5^ t\<QjSfi^o]s.(40 mg, «r-i- 36 %)!• ^Sic)-. 

cl<&i:-ll«)-o]H(120 mg, 0.22 Inmol)5^ N-5il^-1,2-SIiy ia!c)o)-^j(82 mg, 0.45 mmol)# 20 m«2^ 10 

ofl 2.°J^^ S^sl-ai Aj^c^ .g.£^ i^lel ^A^^ jin^ <H4tJ ^ ofl^*^ #S 
^in- 100 ^JL <H4«H ^^t> S)-€}-<il 2-30.S. aA]£l^ S}§1:(120 mg, 55 %)# ^Si4. 

395.0 r; 1H NMR (300 MHz, CDCI 3 ) 7.88(2H). 7.62(2H). 7.66-7.60 (lOH). 7.55 - 7.44(1 5H). 7.40(2H 
), 7.38-30(9H). 6.95(6H). 6.83(4H); MS [M+H] 1019. 

^71 ^^eil 6oflAi fS. SAIS]^ ^^^l-d.OO g. 1.79 mmol)4 4-X°j3^^JiLSH'L>(0.74 g, 3.57 m 

moDl- 2 N ^^^ 20 mtS^ ^^<^ 40 in«£) -g-^J}^ ^^Jl SL^^^ Pd(PPh 3 ) , (0.20 g, 0.18 mmol)^ 

n 'iS.i^/i n^<&nno]^ (33P 31 %)!• ^Slc)-. . 

<?>£e^>Sl ^m-itfl*HH(o;33 g, 0.56 mmol)4 N-ifl^d-1.2.Si|^^c|o>nJ (o.n g, 0.56 mmol)«fl W^<& 40 mt^ 
^Sji ^«Vi) 1.2^ SaIsI^ S^§#(120 mg, 55 %)# ^5icf 
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1H NMR (300 MHz. CDCI 3 ) 7.89(1H). 7.75(1H). 7.52-7.29 (24H), 6.98- 6.76(12H); MS [M+H] 751. 

^^^^#(4.0 g, 7.85 mmol)fi^ 4-S'a=ll^JiSHA>(3.53 g, 23.6 mm 
vPt , i! Scfit iSI ^2 ■^^-■^"^ 60 ntfS) 4^08 jiLHjs^^Ai Pd(PPh .3 ) 4 (0.27 g, 0.23 mmol)^ 
1^ ^ 0 f^" ^Tf^"^- ^^'^^•^ ^ ^S. ^JL n>aifl^%-iV.2.S SSA)?] 4 ^Bl^f=i.f^^ f.4 

^I2Si"23.f Sf? ^^^^ ^^"^^ "^^^ "^^ "^^^^^^ "11^ o}mo]^S. 4^^^]^ 

^^Se^•'8! 3^'!i^cfl«^ol c (2g, ^i-g- 47.6 %)f. <y^4. 

jSef^J! 5|]^t^«Fol^(2 g. 3.74 mmol),4 N-ifl\i-1,2-5fl^?!c1ofpi (0.59 g, 3.74 mmoDi t^-a 40 i 
10 mi^ ^S. ^^SfSin. 2 'y?^ IV-S-A]?! ^^.o.^ ^^f. v^lsj jj^q]^ -Hl^-I-^ tS.S.5L 

#o£ ^51 <^m<^ i^n-A 1-4^ SAlsl^ ^^t(1.3g. ^€ 49.7 %)# ^531:^. 

352.0 t: 1H NMR (300 MHz, COCI 3 ) 8.28(s. 2H), 8.1 4(d, 2H), 7.99(t, 4H), 7.81 (t, 4H). 7.62(m, 4H), 
7.53(d. 2H). 7.45(m. 4H). 7.32-7.26(m, 6H). 7.22(s, 6H); MS [M-^H] 699. 

-^^1°I14 

(3^^A' 2-4S S.^]^^ ^^1-2] :^3l) 

fA^^^,^ *H^|2-«S£ ^=t^(5.78 g, 28.0 mmol)!- THF(40 ine)<Hl .78 ^ 

f S y ^1 a^^^l^^ ^^l-(2.93 g, 8.00 mmol)!- ^-a^SoflA^ 7}^^x^. ^^t^?]^ mi^: ^ ^-^-^-^ ^ 
■ "^1 ji ^^"^ -i-e?"!) 'a-S.-B-€sel-oiH-§-e!l(40 id«)» 7)-«)-<H ^2 40 ^^^ofl^i 

0 9, "T^-i- 82 %)# ^5acf. 

c1%^#(4.10 g, 6.59 mmol), ^f-£.i = (10.94 g, 65.9 mmol)4 M-Sf- afol cellolE(i-, 5 g -,3 

1.8 mmol)£) ^tl-i- <>f4E^V(200 in«)'>fl-^1 24 -f oj- ^■g-.S.S tflz]-s>j7 o^4^> cf^ o|.a1)ea> 

t'sm^""^"^ ^l"^'^ "JS-S- ^ ^3:«!-<H 2,6-c) «5.£-9,10-Cl«4«l-iS!-2.'a-<LVSEf-S! (3.15 g, ^-k 81 %)i 

<3.15 g. 5.35 mmoDfi^ 4-i"aii11^iLSH>L>(2.81 g, 18.7 mmol) 
^ 2 N -r-§-^ 20 11164 100 D>e £j -g-^JIoJ v^jl iil«VSV^Ai pd(pph ) (o.25 g, 0.22 mmol)t 

^IL 15 ^l^V 4-^^ 4^ ^JL r.).ai.1)^%AKos 4^ ^ ^^ofsn 

ellBlS «-e]eH 1:14=1 oj-eej.^ i«Wcl^eil«f«>lS(2.77 g, "^-i- 81 %)f- '^m. 

TJ3^-^ o>EB^^ 5i|'icl^imitVo]H(2.77 g, 4.34 mmol)4 N-5l)^-1,2-i^l^^c]o^ni(2.oo g, 10.9 mmolH 
JT"^, ^^'^Af t 15 ^oj «^ o.^,^j ^ nj.^v^^^olH(i,51 g, 17.4 mmol)* ^ 

48^ol ^^Ai 2.4s aA]s)^ ^^t(1.52 g, ^-t 55 %)* ^^cf. o) 487.4 f^^. 

1.145. aA)5|^ ^^-tS) 43:) 

9.10-Ol^-ol5il^-.2-.»^-2,6-i:l H^£^^Be^^(1.00 g, 3.55 mmol)4 4-S°Jifll'dJiS^-LV(0.81 g, 3.90 mmol)^ 
2 N^^-LW 10 mi^ l-^oj 30 „^oj ^^c^ 2Lm^^^ Pd(PPh 3 ) 4 (0.10 g, 0.09 mmol)^ ^312"^^ 
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34 %) '•-(^•■'0-'^l^-"I^^-2-^^-6- «S£-tVSef^-2-°J)-Sn2«^cfl«folH# 0.8 g ^ 

tl^Tl^;^VS:l-'^^^^^ 9- 1-20 mmol)4 N-3^«d- 

417.7 t; MS [M+H] 1231. 

(^«-<iJ 3-25. S.^]^^ f^^'i^ 

3^ 1^4 g It^l %)1 <?^4 "fl^ol^l^^ ^^^(2-(1-.34^-1H-HD^olnH^#.2-«a)..itS2f 

2-W.5.£ul3E||^(1.46g, 1.1 m£, 6.25 rnmol)!^ Efl Ee^sj-o] c^^^(5q ^olji ElAiel-¥-^el#(8 3 me 1 5 
^^'^ ^V^-H «LV*A,S4. -1 W;?^7l5Vt>S^2-0^1^t lH^ 

-2(1-^^-1H-^So,nl4t-2-'a)]-9.10-c]eHH^-«LVHE^^-9.10-cl-.v;(i^00i^^^ 

SttSfi tll2Stf°;l°J' """"'^^ ''^"^'-"^ 60 -^"^ ^ «#AiL-(1.66 g, 10 mmol), v+ 

7 l)J ^ * ^^^^"^ ^"^^ "^"^^ 3-2 AilHll 3^^#(0.45 g^i 6 

^7l>l^I?m^« oo" CO,'; ^^o?.T^' 3 ) 7-86(d, 1H). 7.75(dd. 1H).7.70(s, 1H), 7.63-7.48(m. 8H), 7.42 

-7.0(m, 12H), 6.92-6.81(m. 9H), 6.63(d. 2H); MS [M+H] 675. . 

-^^H7 

(•8-71 ^^±;t>Sl 7^2i) 

ITOOr^ium tin oxide)7> 1500 AS) ^^s. ^^^A -fre) 7]^% ^o] f:^4=<K| ^jj, ^..g.^^ ^^^^^ 

Sni 'oii^l.^.St*??' 5 ASl #iFefolS(LiF)S^.2500 AS) ^^s) o^^„,^^ 

A/sec. ■a-^Dj^-g, 3.7 A/secS) f^^^£^.^;ile}:^cf. ^-r-r 1 X. 
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^7Ha^ ^7] ^7lt^ i;^>oi) 4.04 VSl ^"J^t ?i?flt 7>^ 14, 10 mA/crf£l ^l^^^HoflA^ 1931 ciE col 

or coordinate 7)1^ 0.5. x = 0.16, y = 0.11 *fl SH^^t 184 nit ^t7]S^ d::^E.^o] . 

^7] -a^).^ 7o||:Hs^ tol ITOf-'S ?!^^o|i aiAfvlMl aiAM^Hejsil^^ (hexanitrile hexaazatriphen 

ylene)# 500 A °) -^^S «g f=aV«^o^ ;g^-oj^^ ^^^SF^^. a ^^1 #^°! NPB(600 

^°fl ^^>£i ^-y 5 «»i^^ti- w 2-2^ s.^]s\^ m^-^ 200 asi ^^^i^ t^h^vc^ 

o ^e^f f'^sF''^ ^.^-i- mn^z^. ^^7]S\ 4 ^«fl^1 ^7lt2) ^^v^-b 1 A/sect 

■ff-^l^S ji 2lf-t^efoi 0 2 A/sec, ^^nj^^ 3.7 A/secSl ^^^S.^ ■fr^l«f5a4. 

^^^l-^il^ J71 4^-7) ±m 4.63 VS) ^;^)^ 10 mA/cnfS) ^^°j£<H)Ai 1931 CIE col 

or coordinate 7l-5s:*.S. x » 0.16. y = 0.19 <^ ^^■^^ 226 nit |}-7)fil ±^S.^o] ^%^%t^, 

-0^71 ^^Ali 7«;i^j^^«l ITO^-g ^6fl ejA^H^ «!A>*WHB]tfB^^(hexanltrile hexaazatriphen 

ylene)j 500 ASl^.^^ -1^^ ^^^^"^ ^^^"a^* ^^^'Sf-Sa^. :i ^ofl oj^s^^ ^:goi npb(too 

i^Ii^J f f ^ f f ^f'^t* ^svij 5^15)^ ^^#-i-.2oo A2) f-^s 

Sol:'' JJi^Jj-l*^^^^^ ^y] ^^61 i-4£ K^]^^ 200 A2) 5- 

"^fg-tl^^^"'*^ 'i^^^S^. >^712) 4^^]^ ^71#S1 f'^^S^ 1 A/sect 

*}SJ[I e]f-#f-s^ol-^ 0.2 A/sec, 3-7 /secS) f^^^^St -B-^ls^S4. 

'ih7lo1lAl ;^^«^7l 4f7l db^H 6.16 V51 ^7)!t 7>^> 14, 10 mA/cDfS) ^i^^JS^J^i 1931 CIE col 

or coordinate 7]^±S. x = 0.16. y ? 0.12 ofl «ll'3^s)-^ 175 nit l|7l£) ^-i^ ^^^e^o) ^^s\^x\, 

^71 |AH W4^ol 170^-3 ^^^]ol| «!A>MH^ «!AK^>HB]j^^^(hexanitrilehexaazatripheny 

nJli^*^? t1^,s?^^ ° ^^^-yf^* ^m^^. n.^o^^^^ c]^t}^ ^;aoi npb(6oo a) 

f i ^431 ^-J o]^^tt «fe -^7] 5}^v.^ 3.2^ a,,^^ 200 A^ i.;^|s^^%^^c^ illt 

elf-*^efoiH^ 0.2 A/sec. 3.7 A/secS) -8-:*l«1-5a4. 

-i-MollAi ^2«^7l -fi-7) t^ 5.17 V£} ^Ih^ ^7)1* 7}^ 14, lOmA/crfS) ^#-JiEoflA^ 1931 ciEcol 

or coordinate 7]^o_^ x = 0.16, y = 0.17 «^| ^^«>^ 124 nit 1^7151 ^^e^o] ^tslSi4. 

f^sl £4 . 

t*X?o^*?*f.^,^.^ .^,''' ""'^ ^""^"^ ^"'l "^^(-^^1 EL; organic electroluminescence) i4s) ^ 

157) 
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1] • 




Ar^ m. 4=^^!, «H^'d, ^vsEf-a, £^ sh^^s -a-^^ 7)0)01, 

NR " , -8-^-84, £^ Ai-ifc€^)-o)t^, 

^0^7) R 4 ^ 4^i^;c>, ^^^]^ $\ ^^^7) x)>}j-^ iffl q-st^ wHsay oj-EsiAj 

I^t^i^ Ih^i^^ ^^^s^Ei -frs^ 7]o)c^. • ^' ■^-^'5!-' ^ i*"^' — 

2. 

«^7) 2S. ^^v^g.. 




^7) 2S1 -iJolAi, 

^ J, • ^ ^^^-^ 1 Ml^) 20£) ;^)*^ m'r±. m. 4S^^! 40] 

SSJ^-""^' "^^^^^^ ^^OS^EI 7)o]31. ^Alol) R 1 ,1j R 2 

Z^Zj-S) Ar€- "Jfl^, 4=t€. t3fo|ifl)1d, «>JSH}>ja, £^ .J^^^^i^ 4^ ^^0LS-¥-6| -S-S.^ 7)o)nj, 

zfzj-s) NR 4. , ■8-38-8;tK £^ -a-^fc^^Vo) d) , 

*)-7) S).^A} 30.^ SAjS)^ 
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3] 




^4i4±|l'^$l4^^|fil^^^ ^^"^ ^"^^ "^'^l'^^- 




5. 
5] 
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lit t'^f''^' ^"^^ ^ "^""^ 6S1 »i«7i £fe l^^^4l, SSC ^st^a. «HS0^. o^v^a^-a. £^ 
Tl^ t ^J*f^\- ^"^^ ^ "^^^ ^ ^ -^^1 ="1*^ ^ii^^±, -a^. ivse^-a, £fe 

o 5S. SAlSl^ S^^tS ^«.SJf■E^ 1 ojA^ ^^5|^ -8-71^^ 

■i-i- ■8-7m^tf'# mmt: ^7] 4:4: 




2] 
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^7] 1, 2, 3, 4, ^ 5S) <i|oflAi, 

Ar€- -a^. i+H^ia, HHSll\d. 1>S3^^. 'S-^^^d:* ^t^S^el -frE* 71*14 

«JJ t'^"^"^ ^ "^^^ ^^^1 SS^, 4st€. «H^'^, «JH4-i, £^ 

TA^ 1 ^Jt^'-^- 1 Mi^i 7 £1 »e^?d7i £^ ^i-^^ m. ^s.m. «Hsii'd. ^vs^-ai, a^- 

^7] -fr7l^t#f'Ol ^-a^F^ -Jf^^f^^Vt ^<a*^^ AHoil 2}o1<£ Sf47f 4l*)sl^ -?h7) ±xK 

1,^7] -^7] o . ^x} ^<a 5J 7) 7>;»1 ^4 ^ "J ^ f'°J. -8-71 4i;^K 
^"7"^ 9. 
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10. 

^7) -a-7)S^ttf'0l m ^ 71 -^t 7H^ =^4= 1^ ■8-71 
^-7-^11. 

^1 6 t-»fl Xl^H. 

^7] :8-7l i!i47} ^hEflS-^El 7]^a. 'S^^'yf', ^?^4^f^, ■fr7lt%f', ^^VT^^f', ^ -^^^ 3i^ti^^ 

4S.,S.^]^^ ^^t, II -ih?) 5S. 5.^15)^ ^^t■i■S. o|^<H:5! ^S-S.^^ 1 o)>^ ^e|si^ ■fr7]^ 

tl-o] ^^71 •fr7lt^f', ^ f'S) olii ^ f-^ll.^-S-sl^ ■fr7l ±;iK 

^1 6 SJ^H-H. 

-^c^7l -6-71 ^tl-f"*! «^7l ^^-ij la. Sfe- ^^4) 3aS| ^tl-l- ^-fr*!-^ -8-71 4:;^>: 
[^«?-4) la] 3a] 




^J-71 ^^4) la, 3a£| <i|'>j|Ai, 



Ar , . Ar 2 . 51 Ar 3 ^ zfz^ ^.g.^^ ^aH, tfn^^^ wH^^'d-i-S) M-E}-tflai, 

R 5 ^ ^±^x} % 1 vi;^l 4SI ^^7), "g-^^ ol^Jiel^^-i-om. 

^T^^ 13. 
^ 6 

m-^<il -8-71 d:;t>: 
[^^4)1.11(^^411-2] 




[S|-^<il 1-3] [^S^4) 1-4] - 
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1-5] [^^ij 1.6] 




i_7l 1-8] 
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[S^«}-^ 1-11] 1.12] 
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[^^i) 1-16] 




mn-i^ 2-3] 
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^^"^ 15. 

23°<??7l'^^1ir^ ^'^ ^'^^ o)^<H?! ?o.S^El -aeis)^ 

[^Sf<il 3-1] [S^§}<i) 3.2j 
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im-!^ 3-3] 3-4] 
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